Gelastic seizures are known to be refractory to medical treatment and to date surgical therapy has yet to pinpoint the best treatment for these refractory seizures. There has been a multitude of case reports published on gelastic seizures and different surgical treatments, thus we performed a review of the literature on gelastic seizures and surgical treatments to elucidate the best surgical approaches for medically refractory gelastic seizures.
INTRODUCTION
Trousseau was the first to describe epileptic laughter in a young male suffering from sudden attacks of inappropriate laughter 1 . Almost a century later, the term gelastic seizure was proposed, originating from the Greek word gelos = joy and referring to the observation of laughter during partial epileptic seizures 2 . The definition of gelastic seizures does not consider the anatomical location of a lesion, the modality of laughing, a possible emotional component, any associated signs or symptoms and their chronological relationships with laughter. Thus, for years there have been a multitude of anatomical locations implicated with gelastic seizures 3 . The most common finding in patients with gelastic seizures has been a hypothalamic hamartoma. Although surface electroencephalography shows abnormalities in the temporal lobe, intracranial electroencephalography shows the origin of activity to be in the hypothalamic hamartoma 5 .
Patients with gelastic seizures and associated hypothalamic hamartoma are often affected by the development of precocious puberty and a progressive mental decline 5 . The gelastic attacks are usually severe and may be accompanied by the occurrence of other types of seizures, all of which are typically drugresistant 5 . As in many types of medically refractory seizures, attempts have been made for surgical intervention with varying post-operative outcomes 7 . Several studies have demonstrated that the epileptic focus does arise from the hypothalamic hamartoma and this knowledge could help improve the efficacy of surgical treatment [4] [5] [6] . The following is a review of surgical interventions in gelastic seizures with associated hypothalamic hamartoma.
MATERIALS AND METHODS
A retrospective analysis of published medical literature from 1966-1999 via the United States National Library of Medicine involving gelastic seizures and surgical treatment was performed. Forty-nine gelastic seizure surgical cases were reviewed and outcomes were assessed by a previously reported classification system 8 . The post-operative outcomes were assigned to one of three categories: I = seizure free, II = improved, III = not improved (Table 1 ). In addition, gelastic seizure surgical outcomes were compared with anterior temporal lobectomy and lesionectomy surgeries for more common epilepsy syndromes 8 .
RESULTS
Of the 49 gelastic seizure surgery cases reviewed, 45 cases reported post-operative effects on frequency of seizures (Table 1) . A seizure-free period was obtained only in 13.3% (6/45). Clinical improvement was demonstrated in 33.3%, while 53.3% of cases showed no improvement at all. A craniotomy was performed in 14 cases, of which 57.1% (8/14) demon- strated no improvement. Of the four probe excisions found in the literature, only two post-operative results were reported, which were no improvement. In addition, the post-operative results of three anterior corpus callosotomy cases demonstrated no improvement. Temporal and frontal lobectomies were also attempted with little success, 70% (7/10) showed no improvement. Six partial resection cases reported results, with 50% (3/6) showing some improvement. Three of the four (75%) cases of stereotactic radiosurgery demonstrated improvement and all the total resections (n = 6) demonstrated improvement. In comparing surgeries performed for gelastic seizures versus anterior temporal lobectomies and lesionectomies for epilepsy without associated gelastic seizures or hypothalamic hamartoma, the results are significant 8 . Both anterior temporal lobectomies and lesionectomies demonstrated significant improvement post-operatively, with 66.6% of patients seizure-free, while only 13.3% of gelastic seizure patients remained seizure-free post-operatively. In addition, only 8.1% of patients undergoing anterior temporal lobectomies and only 11.9% undergoing lesionectomies showed no improvement with surgery. This compares with the 53.3% of gelastic seizure surgery cases which demonstrated no improvement.
DISCUSSION
Hypothalamic hamartomas are non-neoplastic malformations that arise from the area around the tuber cinereum, the mamillary bodies, or the floor of the third ventricle. They can have either peduncu-lated or sessile attachments. These factors have great effect on the resectability of the lesions. Generally, sessible hypothalamic hamartomas are extremely difficult to resect while pedunculated growths are more easily removed. This is unfortunate since pedunculated hamartomas are usually asymptomatic or only associated with precocious puberty and not with gelastic seizures 11 . Sessile hamartomas are much more often associated with gelastic and generalized epilepsy and with behavioral disorders 11 . Also, hypothalamic hamartomas located in the region of the tuber cinereum and the mamillary bodies are more readily resected, while those that lie on the floor of the third ventricle are not easily accessible to surgical removal. A classification system has been proposed which takes into account the size, location, attachment, and effect of the lesion on the hypothalamus 11 . Since many reported surgical cases in the literature did not specify the exact location of the hamartoma with respect to resection, an analysis of surgical success rates based on the origin or attachment of the hamartoma is beyond the scope of this literature review. This review has demonstrated that the surgical treatment for gelastic seizures has been relatively unsuccessful when taken as a group. However, significant decreases in seizure frequency have been achieved in the areas of total resection and stereotactic radiosurgery. Numerous factors contribute to the decision to resect the hamartoma or use radiosurgery, such as location, size, seizure frequency, and clinical status of the patient.
CONCLUSIONS
This literature review has shown that the surgical treatment for gelastic seizures have to date been quite unsuccessful, especially when compared with the surgical success rates for other epilepsy surgeries. However, there appears to be significant promise in the areas of both radiosurgery and total resections, where significant improvement in seizure frequency has been achieved. This review emphasizes the great need for improvement in the surgical treatment of gelastic seizures.
